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PREFACE 

Borehole geophysical data supplement, either directly or 
indirectly, the subsurface geological infonnation obtained from 
drilling water wells. These data have been successfully used in 
solving well construction and well contamination problems. The 
purpose of this publication is to provide a number of selected case 
histories describing geophysical logging techniques which were 
employed in different problems of supply, development and 
contamination of ground water in Ontario. 

Information obtained from interpretation of geophysical logs is 
usually more objective and consistent than that from an examination 
of drilled cuttings. Furthermore, the geometry of boreholes or 
completed wells can be obtained only through geophysical logging 
whereby a continuous record of the variations is obtained by 
lowering a probe down the borehole. Logging techniques may also be 
employed to determine the movement and in- situ quality of fluids in 
boreholes and wells to determine zones of contamination. 

Several case histories are described herein where geophysical 
logging was used to locate water bearing formations, seals and well 
screens as part of well construction and development. Case 
histories are also described where geophysical logging was used to 
help solve ground- water contamination problems. 

Well logging has proven to be an economical and useful tool in 
both designing and checking the construction of wells. Although 
information regarding aquifer locations and pollution sources may 
also be obtained by other methods such as using packers to isolate 
certain segments of the well, well logging techniques can solve many 
problems economically and should be considered as a first 
alternati ve. 



March, 1981 D. N. Jeffs, Director 

Water Resources Branch 
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INTRODUCTION 

In geophysical well logging, probes that measure different 
physical parameters are lowered into a borehole by means of a 
cable. A continuous record of the variations in the borehole is 
obtained on a recorder at the surface. The logging techniques used 
in the case histories described in this report were: 

caliper logging 

natural gamna logging 

single-point resistance logging 

fluid conductivity logging and 

temperature logging 

The theory of these logging techniques as applied to ground- 
water exploration is well documented in the literature (for 
example: Keys, W.S., 1967, "Borehole Geophysics as Applied to 
Ground-Water Geophysics", Geological Survey of Canada Economic 
Geology Report No. 26, pp. 598-616). A brief review of the 
techniques is sutimarized in the following sections. Idealized logs 
for each of the logging probes listed above are shown in figures 1 
and 2. 

CALIPER LOG 

The caliper probe is an instrument designed to measure the 
diameter of a borehole. The probe has three motor-driven arms which 
can be remotely controlled from the surface. The probe is lowered 
to the bottom of a well where its arms are opened. As the probe is 
brought up to the surface, the arms fluctuate with the diameter of 
the borehole, providing a continuous record of the diameter of the 
well bore (Figure 1 ). 

Abrupt increases in diameter of the bedrock portion of a 
borehole may indicate fracture zones which may be water bearing. 
The known locations of fracture zones are useful in solving 
ground-water quality and quantity problems such as: 

(a) identification of the most probable water-bearing zones in a 
formation. 

(b) determination of the pumping rate that will allow the 
maximum drawdown in a well, where the water is flowing into 
the borehole from fractures. When the water level is drawn 
below the water-bearing fractures, cascading of the water 
into the borehole will occur causing the well to become less 
efficient because of turbulent flow, etc. In addition, the 
resulting oxidation may create water-quality problems such 
as precipitation of iron. 

(c) identification of near-surface fractures for "grouting off" 
to prevent surface contamination from entering a well. 

(d) identification of a depth for "plugging back" a lower 
section of a well to prevent contamination from entering 
upper, fresh- water aquifers. 

As a result of inside diameter variations, the caliper log can 
also be used to provide information on various aspects of well 
construction such as the location of casing collars and screens in a 
borehole. 



FIGURE I. Idealized Caliper, Temperature and Fluid Conductivity Logs 
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FIGURE 2. Idealized Natural Gamma and Single-Point Resistance Logs 
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NATURAL GAMMA LOG 

A natural gamma log is a continuous record of the natural ganma 
radiation of formations penetrated by a borehole. The garma 
radiation originates from the spontaneous disintegration of atoms in 
radioactive elements. The three major radioactive elements are 
uranium, thorium and potassium. The radiation measured in the 
natural gamna log is proportional to the content of radioisotopes 
(e.g. Uranium 238, Thorium 232 and Potassium 40) disseminated in the 
materials surrounding the borehole. 

Potassium 40 is the most abundant radioactive element found in 
the common rock-forming clay group of minerals and in the 
feldspars. Thus, sedimentary rocks rich in c^ay and feldspar such 
as shale and arkosic sandstone exhibit high gamna radioactivity. In 
the overburden, argillaceous sediments rich in cle^y minerals are 
generally more radioactive than coarse-grained sediments comprised 
of quartz (Figure 2). 

Ganma logs may be run in cased as well as uncased holes. 
Because gamna rays are absorbed by heavy materials such as iron or 
lead, the thickness of the casing material (commonly iron) will 
proportionately reduce the intensity of the radiation. For a given 
material, the hole diameter will also affect the intensity of the 
measured radiation, and it is therefore necessary to obtain the 
diameter of the hole with the caliper probe in order to interpret 
the garrnia log. If a mud containing clay minerals is used in a 
drilling fluid, the radioactivity associated with the mud may 
complicate an interpretation. Hence, the process of interpretation 
of gamma logs is qualitative rather than quantitative. 

SINGLE-POINT RESISTANCE LOG 

This log represents a continuous record of the resistance 
between an electrode placed in the ground at the surface and an 
electrode lowered into or raised out of a borehole. This log 
generally provides only limited quantitative information on actual 
resistivities of the surrounding materials; however, due to its 
relatively small zone of investigation, thin beds and geological 
contacts can be accurately identified (Figure 2). High 
resistivities are usually indicative of fresh water-bearing 
formations or dense materials such as non-porous dolonite. 

Resistance logs can only be run in the fluid-filled uncased 
portion of a borehole. The results are influenced by the 
resistivity of the fluid in the borehole and the formation, as well 
as the diameter of the borehole. Single-point resistance logs are, 
therefore, interpreted in conjuction with caliper, garrnia and fluid 
conductivity logs. 

FLUID CONDUCTIVITY LOG 

Fluid conductivity is a measure of the concentration of total 
dissolved solids in solution. The fluid conductivity probe is 
calibrated to provide a continuous record of the conductivity of the 
fluid in a borehole. The record can be used to determine the 
quality of water in a well (Figure 1). It can also be used to help 
locate zones for sealing off poor-quality water that may be 
discharging into a well. 



TEMPERATURE LOG 

A continuous record of water temperature changes with depth in a 
well can be obtained by lowering a temperature probe through the 
borehole fluid at a speed sufficient for the sensing unit to reach 
the temperature of the fluid. Temperature variations can be used to 
identify water movement in a borehole and/or mixing of two water 
sources at different temperatures (Figure 1, Note 1 and Note 2). 



WELL LOGGING FOR WELL CONSTRUCTION PURPOSES 

The following case histories illustrate the use of caliper, 
natural gamma and single-point resistance logs in different phases 
of well construction. 

LOCATION OF WATER-BEARING FORMATIONS IN OVERBURDEN 

Natural gantna and single-point resistance logs were used in 
conjixiction with the driller's log of a test well near Mount Brydges 
to choose the most suitable formation for well development and also 
the optimun location for setting the well screen (Figure 3). It 
should be noted that a good sand and gravel aquifer exhibits a low 
natural gamma radioactivity and a high resistivity (i.e. low in clay 
minerals). Although sand and gravel with some silt and clay, or 
stony till may also indicate high resistivity levels, the natural 
garmia radioactivity level would be higher than the level obtained 
from a clean sand and gravel. 

In Figure 3, the single- point resistance log shows four high 
resistivity zones from 10 to 21, 50 to 95, 100 to 140 and 170 to 176 
feet. The driller's log indicated these resistivity values to 
represent geological formations varying fron brown clay (probably 
stony and above the water table) to fine dirty gravel to medium 
gravel to stony till. Although the resistivity values do not vary 
substantially for the above formations, the natural gamma log does 
indicate the formation between 55 and 95 feet to have the lowest 
cl^ content. It was recommended that the screen be set near the 
bottom of the aquifer at approximately 92 feet, just above the 
gravel formation containing clay- 

Based on the above data, two wells were constructed in this 
formation. An observation well was initially completed using a 
4- inch slotted pipe, 20 feet long, screening the formation between 
67 and 87 feet. An initial aquifer test was conducted on this well 
at 30 gpm for six hours. The second well, drilled adjacent to the 
first, was used as the pumping well during the main aquifer test and 
was constructed using a 6- inch diameter slotted pipe 20 feet long. 
The slotted pipe was set in the formation between 71 and 91 feet and 
gravel -packed. The well sustained a pumping rate of 135 gpm during 
the 48-hour aquifer test. 

LOCATION OF SEALS 

The natural gamma log was used to check the positioning of 
bentonite seals in a 10-inch diameter production well that was 
drilled in an aquifer subject to flowing conditions near the Village 
of Ayr. The well was constructed by first installing a 24- inch 
casing (Figure 4). A 10-inch casing with ten feet of screen was 
inserted to the bottom of the 24- inch casing. The annular space 
between the 24-inch and 10-inch casing was then gravel-packed as the 
24-inch casing was pulled back to 73 feet. In order to help prevent 
upward leakage from the water-bearing formation on the outside of 
the 10-inch casing, two bentonite seals were installed. One 
bentonite seal was placed in a till formation separating two sand 
and gravel aquifers and the second seal was placed between the 10 
and 24-inch casings. The completed well flowed at a rate of 300 gpm. 



FIGURE 3. Natural Gamma ond Single Point Resistance Logs 
of Test Well 2 , Mount Brydges 
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The natural garnna log in Figure 4 shows the locations of the 
bentonite seals, between 63 and 65 feet and 111 and 114 feet. Due 
to the shielding properties of the casing and surrounding gravel 
pack, the background natural gamna level in the well was very low. 
This allowed the natural garrnia radioactivity of the bentonite to be 
detected. The natural ganiiia log not only shows the location of the 
bentonite seals but also shows how well the seals were placed. In 
this case, the natural gamna response for each bentonite seal showed 
as a unit, indicating that all the bentonite was positioned as 
intended. 

LOCATION OF WELL SCREENS 

At Mill brook and Thamesville, geophysical logs were requested to 
check the location of the screens after the wells had been 
completed. The caliper log was selected because of the variation in 
the inside diameters of the casing, leader pipe and screen. 

Millbrook 

At Millbrook, test wells 1 and 2 were logged. In Test Well 1, 
95 feet of casing was installed below ground level and a 6-foot 
screen with a 4-foot leader was to be set so that the bottom of the 
screen was at 101 feet, in order to fully expose the screen to the 
water-bearing formation. The caliper log {Figure 5) shows the top 
of the leader pipe to be at 91 feet; however, the probe would not 
penetrate below 95 feet suggesting that the screen had either been 
damaged or was plugged. The driller later confirmed that some 
problems in setting the screen in the coarse gravel formation had 
occurred. The well was still usable as a test well with a pumping 
rate of 40 gpm. 

In Test Well 2 (Figure 5), 101 feet of casing was installed 
below ground level and a 8-foot screen with a 4-foot leader was to 
be set at 109 feet. The caliper log shows the top of the screen 
assembly to be at 98.5 feet and the bottom of the screen to be a 
110.5 feet, indicating the screen to be fully exposed to the 
water-bearing formation. 

Thamesville 

In Thamesville, the production well was constructed using a 
10- inch diameter casing with a 10-foot long screen welded to the 
bottom of the casing (Figure 5). The inside diameter of the screen 
was slightly larger than the inside diameter of the casing thus 
enabling the screen to be detected by the caliper log. The caliper 
log (Figure 5) indicated the top and bottom of the screen at 59.5 
and 69.5 feet, respectively and fully exposed to the water-bearing 
formation. 

LOCATION OF WATER-BEARING FORMATIONS IN BEDROCK 

Two wells in the Village of Finch are shown as examples where 
caliper and temperature logs were used to determine fractures and 
water-bearing zones within the bedrock. On comparing the caliper 
logs of test wells 1 and 2, drilled 12 feet apart, the larger 





FIGURE 4. Natural Gamma Log of Production Well 2 , Ayr 
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FIGURE 5. Caliper Logs of Test Wells I and 2 in Millbrook ond 
Production Well I in Thomesville 
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fractures at 30, 63, 117, 128 to 146, 175 and 181 as well as many of 
the smaller fractures appear at the same elevation in both wells 
(Figure 6). Since the wells were drilled by the cable-tool method, 
many of the smaller fractures were probably induced by the drilling 
method. The larger fractures however, were identified as possible 
water-bearing zones. 

The temperature log (Figure 6) for Test Well 1 was run while the 
well was in an undisturbed state. The log shows the water 
temperature to increase with depth with the exception of between 58 
and 117 feet where the temperature is practically constant. The 
constant water temperature indicates a natural flow of water between 
58 and 117 feet thus identifying two water-bearing zones. Other 
water-bearing zones may also exist below 117 feet as suggested by 
the caliper log; however, any natural flow in the well bore was not 
sufficient to maintain a constant temperature between the 
water-bearing horizons. Further examination of the wells was not 
warranted since the main water-bearing zones were below the maximum 
pumping level of 52 feet. 
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FIGURE 6 Temperature ond Coliper Logs of Test Wells In The Vilfoge Of Fmch 



-20 



«3- 



-40 



ra« 



25- 



30- 



35- 



-60 



-80 



■100 



-IZO 



40- 



45- 



50- 



55 



-140 



-160 



-ISO 



TEST WELL 2 



TEST WELL I 



CALIPER 

Scale 



Ground Surface 



^e' Cotinq 



I Optn He*« 



I Liincitonc 

I (Ottawa Formotno} 



I 



\or 



TEMPERATURE 





CALIPER 

Scale 



*Q" 





0x0 



zo 



I0< 



&:. 



20 



30 



40 



60 



80 



(00 



3S 



40- 



"^! 



50 



55 



NOTE. Te5t wetis < and Z nr", locoled obou! IZ 'e?l aporl 



120 



140 



■160 



le^c 



WELL LOGGING FOR GROUND-WATER CONTAMINATION PROBLEMS 

In the following case histories, a variety of geophysical well 
logs including caliper, natural garma, single-point resistance, 
temperature and fluid conductivity were used to help solve ground- 
water contamination problems. 

POOR QUALITY WATER (CASE I) 

A domestic well in the Township of Loughborough was completed in 
a limestone formation at a depth of 70 feet. Upon completion, high 
chloride levels were observed in the water from the well. 
Geophysical well logging was requested to determine what portion of 
the well was yielding the hic^ chloride levels and to determine if 
the well would still yield an adequate supply of water if the 
portion of the well yielding salt water was plugged back. The geo- 
physical well logging techniques used were caliper, natural gatmia, 
single-point resistance, fluid conductivity and temperature. 

Geophysical Results 

In Figure 7, the caliper log does not indicate any large 
fracture zones in the bedrock suggesting that the water-bearing 
horizons probably consist of small fractures or porous zones in the 
limestone. The single-point resistance log shows some minor changes 
in lithology of the limestone formation as does the natural garmia 
log. At 58 feet, the single-point resistance log shows a sharp 
decline in the resistivity. Mery little variation in the garmia log 
was indicated at 58 feet suggesting that the resistivity response 
was due to water-quality variations in the borehole. The 
temperature log before injection shows an increase in temperature 
from 32 feet to a depth of 42 feet and then a relatively constant 
temperature to the bottom of the well. This would indicate some 
vertical flow in the well bore below 42 feet as well as the presence 
of water-bearing zones at 42 feet and near the bottom of the well at 
70 feet. 

In order to obtain additional information on the Ixation of 
water-bearing fractures, approximately 150 gallons of water at a 
temperature of 250C and a conductivity of 2000 micro mhos/cm was 
injected into the well. The injected water was used as a tracing 
fluid by recording its effects on the temperature and fluid 
conductivities of the water in the well. The injection rate was 
approximately 3 to 4 gpm. On comparing the temperature logs before 
and after the injection, the warm injected water increased the water 
temperature in the well significantly to a depth of 42 feet and to a 
lesser degree from 42-52 and 52-58 feet. Below 58 feet, the water 
temperature in the well remained constant and was assumed to be at a 
similar temperature as recorded in the temperature log before 
injection. This suggests that the injected water infiltrated 
fractures only up to a depth of 58 feet and probably to the points 
where changes in the temperature log occurred, namely 42, 52 and 58 
feet. The fluid conductivity log also showed a uniform fluid 
conductivity of 2000 micro mhos/cm (the conductivity of the water 
injected) down to 52 feet. Below 52 feet, the fluid conductivity 
increased to approximately 2500 micro mhos/cm between 54 and 58 feet 
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FIGURE 7. Composite Geophysical Logs of Contominated Well 
in Loughborough Township 
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and then increased to about 6000 micro mhos/cm at the bottom of the 
well. The temperature logs suggest that some porous or fracture 
zones occur at 42, 52 and 58 feet. The fluid conductivity log 
suggests porous or fracture zones at 52 and 58 feet. Since there 
was no change in the fluid conductivity at 42 feet, the l^^]^ 
conductivity log indicates that the water quality at 42 ffet did not 
vary significantly from the injected water. Below 58 feet, both the 
single-point resistance and fluid conductivity logs indicate a 
deterioration of water quality. 

Conclusions 

The temperature and fluid conductivity logs indicated that the 
injected water only reached a depth of 58 feet. Since the water was 
injected at a rate of approximately 3 to 4 gpm, it is probable the 
well would also yield water at the same rate. It was discussed that 
the lower portion of the well could be plugged to seal off the salt 
water while still leaving a sufficient yield in the upper portion 
for domestic purposes. 

Recommendations and Results 

It was recomnended that the well be initially plugged back to a 
depth of 60 feet and tested for quantity and quality. If the water 
quality was still too poor to be used for domestic purposes, the 
well was to be grouted to a depth of 52 feet and tested again. 

Following these reconmendations, the owner grouted the well back 
to 50 feet on the first stage by mistake. The well yield, however, 
was still sufficient for domestic purposes and the water quality 
improved to an acceptable level. 

POOR QUALITY WATER (CASE II) 

A domestic well' in the vicinity of Sault Ste. Marie was 
completed in bedrock to a depth of 530 feet. The bedrock as 
described by the Ontario Geological Survey on Preliminary Map p303 
is the Jacobsville Formation of lower and middle Cambrian age and 
consists of sandstone, siltstone, shale and conglonerate. The well 
yield was 1 gpm; however, due to a high chloride content of about 
12,000 ppm, the water was not usable. The well presented three 
problems: first, the owner did not have a suitable water supply; 
second, the well would have to be plugged back to seal off the high 
chloride water; and third, an accurate driller's log was not 
available. As a result of these problems, a request was made for 
geophysical well logging to be carried out in the well to locate the 
source of contamination and select the best location to install a 
plug in order to contain the salt water in the original formation. 
The possibility of a fresh water aquifer occurring between the 
bottom of the casing and the top of the plug which could be further 
fractured through blasting and the possible presence of an aquifer 
in the overburden were also to be investigated. 
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Geophysical Results 

Natural gatma, single-point resistance and fluid conductivity 
logs were obtained in the well. The fluid conductivity log was 
recorded first in order to obtain a continuous record of the 
borehole fluid conductivity in an undisturbed state. This is shown 
as Fluid Conductivity Log 1 in Figure 8. The conductivity of the 
borehole fluid was relatively constant at 6400 micro mhos/ cm. At 
510 feet, the fluid conductivity probe met with some resistance and 
would not penetrate past 512 feet. Upon retrieval of the probe, a 
fine reddish mud was discovered on the probe, which appeared to be 

finely ground-up sandstone. 

The natural gamna and single-point resistance probes, which are 
heavier than the fluid conductivity probe, were able to penetrate 
the mud in the bottom of the well to a depth of 522 feet. In 
Figure 8, the natural gatrnia log generally shows a low clay content 
in the portion of the well between 400 and 464 feet. The lew 
natural ganma values suggest sandy formations (e.g. sand and gravel 
to fine sand to very stony, sandy till) and the higher natural garma 
values reflect a relative increase in clay content. In the section 
of the well below 464 feet, the natural gaimia radiation levels 
suggest a relatively shale-free sandstone (low natural gairnia levels) 
from approximately 493 to 505 feet, separating two shaly- sandstone 
horizons between the casing and the bottom of the ganma log at 522 
feet. The single-point resistance log indicates the end of the 
casing to be at 464 feet. In comparison with the natural garmia log, 
the more resistive points on the log were interpreted to be 
sandstone and the more conductive (less resistive) points a shaly 
sandstone. At 519 feet an exception to this interpretation was 
observed. The natural garrnia log indicates a thin layer of low shale 
content (sandstone) which on the single-point resistance log would 
nomally show as a high resistivity layer. Since that portion of 
the resistivity log is shown to be conductive, the anomaly was 
interpreted as a porous or slightly-fractured sandstone layer and a 
possible water-bearing zone with poor water quality. 

Well Flushing Results 

From the interpretation of the natural gamma and single- point 
resistance logs, the probable water-bearing horizon at 519 feet was 
considered as the most likely source of the high chlorides 
encountered in the well. To analyse the well further, the well was 
flushed with fresh water and then logged again using the fluid 
conductivity probe to indicate any additional salt water horizons 
discharging into the well. The flushing action was carried out by 
lowering 480 feet of plastic pipe into the well and then pumping 400 
gallons of fresh water down the pipe. The flushing was intended to 
force fresh water back into the aquifer as well as flush the 
contaminated water out of the top of the casing. 

The results of the flushing action are shown in Figure 8, Fluid 
Conductivity Log 2. The log indicates fresh water in the well down 
to a depth of 486 feet. The top of the mud in the bottom of the 
well remained at approximately 510 feet. The fluid conductivity at 
the bottom of the well was still greater than 6400 ppm indicating 
that the well had not taken very much water and that most of the 
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salty water was flushed out via the top of the casing. After 
completion of the flushing, the static level remained above the 
normal static level indicating that the well had stopped taking 
water completely. This suggests that the only water-bearing horizon 
was the fracture at 519 feet that now apparently is sealed off by 
the mud in the bottom of the well. 

Location and Installation of Plug 

It was recommended that the plug be placed on top of the mud in 
the bottom of the well since the source of the contamination was 
below the mud slurry. The plug consisted of 20 pounds of pellets 
sandwiched between two layers of sand and gravel (Figure 8). The 
pellets were composed of high-swelling sodium bentonite which 
readily sank to the bottom of a well, and then slowly swelled to 
form a seal. Prior to installing the bentonite plug, two gallons of 
sand and gravel were poured into the well on top of the mud slurry 
at the bottom of the hole to provide a solid base for the 
bentonite. Twenty pounds of bentonite pellets (1.5 gallons) were 
then poured into the well slowly so no bridging would occur in the 
casing. After allowing time for the bentonite pellets to settle c 
the bottom, a further two gallons of sand and gravel, followed by 
two gallons of coarse gravel were placed in the well. By placing 
the bentonite pellets between two layers of sand and gravel, 
downward pressure was exerted on the pellets during swelling 
creating a tighter seal against the sides of the drill hole. The 
depth of the well was then measured and the top of the sand and 
gravel was found to be at 498 feet. 

An additional 400 gallons of fresh water was flushed through the 
well to further lower the fluid conductivity in the bottom of the 
well to promote swelling of the bentonite pellets. After flushing, 
the fluid conductivity of the water in the bottom of the well 
decreased to about 2750 micro mhos/cm (Figure 8, Fluid Conductivity 
Log 3). 

Conclusions 

The remaining possibilities of obtaining fresh water in the well 
were now restricted to the bedrock portion of the well between the 
end of the casing (464') and the top of the plug (498') and the 
cased overburden section above 464 feet. 

Recommendations 

Since the well would not take water after flushing, it was 
assumed that there were no significant water-bearing fractures in 
the remaining rock section. Therefore the only alternative left 
would be to artificially fracture the rock through blasting to see 
if a resulting fracture would intercept a fresh water-bearing zone 
away from the well bore. A recormiendation was made to the owner 
that if he were to proceed with fracturing the bedrock, the 
explosive charge should be placed at 474 feet from the top of the 
casing. The explosive charge would be 10 feet below the end of the 
casing and opposite a fairly shale-free sandstone which would be 
more susceptible to fracturing then the shaly sandstone below 



17 



476 feet (Figure 8). The charge would also be well above the 
bentonite seal so that any disturbance of the seal would be minimal. 

In considering the second alternative of obtaining fresh water 
from the overburden section of the well, three locations were chosen 
on the basis of the natural ganma log. Since the natural gatrnia log 
is only an indicator of the amount of clao' in the formation, a 
permeable water-bearing formation cannot be guaranteed. The 
locations chosen were 402-412, 435-440 and 446-451 feet from the top 
of the casing. In order to test the above formations, either the 
casing would have to be pulled back and the formation screened or a 
casing perforated opposite the formation. At the time of 
publication, the owner had not proceeded with any of the above 
recomnendati ons so that the effectiveness of the above 
recommendations is unknown. 
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FIGURE 8 Composite Geophysical Logs of Conlaminoted Well 
m Sault Ste. Marie 
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